Flow injection analysis (FIA), conceived by Růžička and Hansen, 1 is one of the promising techniques used to obtain a highly sensitive method, provided that a suitable chemical reaction is introduced into FIA, and that a highly stable baseline is obtained. Since FIA appeared in 1975, other sophisticated flow-based analytical systems have been proposed so far. However, basically FIA needs to establish a baseline continuously, which leads to continuous reagent consumption and a large amount of waste generation.
In 1989, Petersen and Dasgupta 2 developed an air-carrier continuous analysis system (ACCAS). A peristaltic pump placed downstream in an ACCAS is used for aspiration of the sample and reagent(s). Each solution is systematically aspirated by using several 3-way solenoid valves. Finally, air is aspirated to transport the resulting solution to a detector. Such ACCAS is capable of low reagent consumption and low waste generation. This concept, except for the air carrier, was modified by Reis et al., and they call it multicommutation in flow analysis (MCFA). 3 Recent developments concerning MCFA have been reviewed by Feres et al. 4 Sequential injection analysis (SIA), which appeared in 1990, has played important roles in the automation and miniaturization of analytical methods. 5 In the SIA format, mutual penetration of sample and reagent(s) zones is essential for a successful chemical reaction. In SIA, however it is usually difficult to obtain a well-mixed condition of these zones aspirated into a common holding coil. This lower mixing efficiency plagues the utilization of SIA in some cases.
Recently, we have developed an alternative stopped-flow technique, called stopped-in-loop flow analysis, SILFA. 6, 7 This technique permits lower reagent consumption and waste generation compared with conventional FIA. The SILFA technique should be attractive for a relative slow chemical reaction.
We propose here a hybrid flow analysis, called simultaneous injection-effective mixing analysis (SIEMA), which has advantages of FIA, SIA and MCFA. One of the authors (S. M.) reported the initial study on SIEMA in 2006. 8 In the present work, we demonstrated a spectrophotometric determination of palladium by using a SIEMA system, and obtained experimental evidence that proved the reliability of the SIEMA technique. The authors (T. S. and N. O.) found that 2-(5-bromo-2-pyridylazo)-5-[N-n-propyl-N-(3-sulfopropyl)amino]aniline (5-Br-PSAA) reacts with palladium to form a complex that has an absorption maximum at 612 nm, and an FIA system was assembled for the determination of palladium. 9 However, the FIA system was not fully automated and not compact; especially a double plunger pump was relatively large and expensive.
The same chemistry was introduced into a newly proposed SIEMA system. The SIEMA system shown in Fig. 1 basically consisted of a bidirectional syringe pump (P), three 3-way solenoid valves (3V) and a 2-way solenoid valve (2V) that were controlled by homemade software in a laptop computer. The temporal operation and each function of the SIEMA system are given in Table 1 . A palladium standard/sample, 5-Br-PSAA and acetate buffer (200 mL each) were sequentially aspirated into each holding coil (HC1, HC2, and HC3) via each 3-way solenoid valve (3V1, 3V2, and 3V3). These steps are based on the SIA mode with MCFA fluid handling (note that there is a common holding coil in the usual SIA system). While aspirating them, the 2-way valve (2V) was turned off for selective aspiration with accurate volume via an interested 3-way solenoid valve (to avoid aspiration of fluid via other two 3-way solenoid valves). Then, all solutions were simultaneously dispensed to be merged at a confluence point (4C2). After the confluence point, an effective mixing condition was obtained, and therefore complex formation took place successfully in the mixing coil, like an FIA mode. The absorbance of the colored product was measured with a spectrophotometric detector at 612 nm.
We compared the analytical performances between SIEMA in this study and the FIA reported by the authors. 9 The results are summarized in Table 2 . The linear range of the SIEMA extended to 4.0 mg L -1 , and its linear equation was A = 0.203CPd with a correction coefficient of 0.999, where A is the absorbance-subtracted blank and CPd is the concentration in mg L -1 . The 3σ limit of detection was 2.1 mg L -1 palladium, and the relative standard deviation (n = 5) was 0.30%. These sensitivity and repeatability values are comparable to those of FIA. The SIEMA system operated on an automated 82 s cycle for one determination. This analytical time of the SIEMA for one analysis is slower than that of FIA. However, we emphasize in this communication that the reagent consumption of the SIEMA was 6.0 × 10 -8 mol 5-Br-PSAA (200 mL of 3.0 × 10 -4 M 5-Br-PSAA) for one determination. This is less than that in the FIA procedure (approximately 1.6 × 10 -7 mol), and thus the proposed SIEMA could save reagent consumption. Also, the size of the SIEMA system was more miniaturized than the FIA.
We have proposed a fully automated three-channel SIEMA system for the spectrophotometric determination of palladium. The three-channel SIEMA provided us with highly efficiency mixing (comparable to FIA) and less reagent consumption (than conventional FIA system). Such an automated SIEMA technique is expected to be applicable to any reagent-based chemical analyses. 
